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CANCER THERAPY UTILIZING MALIGNANT CELLS 

BACKGROUND OF THE INVENTION 
5 The present invention was made with the support 

of the Government under NIH Grant No. AI00697. The U.S. 
Government has certain rights in the invention. 

Therapies designed to cure or prevent the 
progression of cancer are often based on biological or 
10 metabolic differences between normal and malignant 

cells. Many cancers are characterized by unrestricted 
or abnormal growth of the cancer cell population at the 
expense of host cells and tissues. The relatively rapid 
cancer cell growth rate compared to normal cells 

15 requires high levels of metabolic activity on the part 
of the cancer cells. One activity associated with 
malignant cells, the high rate of deoxyribonucleic acid 
(DNA) replication as compared with that of most normal 
cells, has been extensively examined as a potential 

20 target for therapeutic approaches to treat cancer. 
Thus, there has been a great deal of effort directed 
toward the development of therapeutic agents or 
treatments that preferentially kill malignant cells by 
interfering with one or more aspects of their DNA 

25 replication. Such approaches have met with some 
success, but because such therapies are often 
nonspecific, normal host cells with high growth rates, 
such as bone marrow cells, are also susceptible to 
killing by the same agent or therapy. The toxicity of 

30 cancer therapies toward normal cells often leads to 

severe side effects and limits their ultimate efficacy. 

Another difficulty related to cancer treatment 
centers on the characteristic spread or metastasis of 
cancer cells to sites distant from the origin of the 

35 initial cancer cell. Advanced stages of cancer are 
often associated with malignant growths at multiple 
sites. Such spreading often complicates or prevents the 
successful treatment of cancer by surgical means. 
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The difficulties related to the design of 
effective therapies for cancer has spurred intense 
research directed toward understanding th molecular 
basis of cancer and its development from normal cells. 
5 This research has led to an understanding of some of the 
biological events that lead to full-blown malignancy 
starting from a normal cell. Land et al., Science , 222/ 
771 (1983) summarized research findings that implicated 
cellular oncogenes in the development of cancer. 

10 Additional subsequent efforts have been directed toward 
understanding the function of oncogenes at a molecular 
level. Activated oncogenes have been used to construct 
animal models of cancer development, further 
substantiating their role in the etiology of cancer 

15 (Hanahan, *™- Rev. Genet. . 22, 479 (1988)). This 
knowledge has created an awareness that activated 
oncogenes appear to represent targets for therapeutic 
intervention in cancer therapy (Huber, F*d. Amer. Soc. 
gy p B r. Biol. J. , 3, 5 (1989)). For example, Drebin et 

20 al., Cell, 41, 695 (1985) demonstrated that modulation 
of the neu oncogene protein by monoclonal antibodies to 
the surface of transformed cells reversed the 
transformed phenotype of tumor cells in vitro. However, 
it is becoming clear that while activated oncogenes 

25 represent potential therapeutic targets for cancer 

therapy, the differences between them and their normal 
cellular counterparts are often subtle. The subtle 
differences suggests that development of specific and 
effective therapies, without toxic side effects, will 

30 prove to be difficult. The fundamental similarity 
between malignant and normal cells renders malignant 
cells only somewhat more susceptible to killing based on 
therapies that affect targets or activities that both 

cell types share. 
35 An alternate approach to the development of 

tumor-specific therapy has been adduced wherein a 
metabolic difference is artificially introduced into 
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cancer cells that renders them susceptible to killing by 
a therapeutic agent (Moolten, Can . Res . , 46 , 5276 
(1986)). This concept, the mosaic strategy, requires 
prophylactic generation of mosaicism in tissues that may 
5 in the future become cancerous (Moolten, Med. 

Hypotheses , 24 , 43 (1987)). The success of the strategy 
relies on tumor cells differing from normal cells by 
carrying an inserted gene that confers either drug 
susceptibility to the malignant cells or drug resistance 
10 to the normal cells. The aim of creating mosaicism is 
to artificially create a significant metabolic 
difference between normal and malignant cells. This 
difference then serves as a therapeutic target for 
effective malignant cell killing with minimal toxicity 

15 to normal cells. Because cancer often results from 

proliferation of a single transformed cell, all of the 
cells in a given case of cancer will tend to be 
identical or clonal (Fialkow, Biochim. Biophys. Acta , 
458 , 2B3 (1976)). If, prior to the development of a 

20 malignant cell, a drug susceptibility gene was inserted 
into that same cell, then all of the cells associated 
with the ensuing cancer would be susceptible to the 
appropriate therapeutic agent. Cells in the subject 
that did not receive the drug sensitivity gene would be 

25 resistant to the drug. Thus, mosaic strategy clearly 
represents a prophylactic application of transduced 
cells for therapeutic use. 

The basic concept of the mosaic model approach 
has not yet been demonstrated in vivo because generation 

30 of malignant cells from normal transduced cells in vivo 
has not been observed. Insertion of the herpesvirus 
thymidine kinase (TK) gene into mammalian cells renders 
them sensitive to the nucleoside analog ganciclovir 
(GCV) . GCV toxicity is conferred by enzymatic activity 

35 of the TK gene which metabolically activates GCV in 
cells (Nishiyama et al., J. Gen. Virol. , 45 , 227 
(1979)). The activated GCV is toxic to cells and kills 
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them. The TK gene by itself is not lethal to cells in 
the absence of GCV. House tumor cell lines containing 
the TK gene were shown to give rise to tumors in vivo in 
mice. Tumor regression occurred if GCV was administered 
5 to the mice, while control mice that did not receive GCV 
failed to survive the progression of cancer (Moolten, 
Can* Res. , 46 , 5276 (1986)). Subsequent experiments 
with retroviral vectors carrying the TK gene were used 
to transfer TK enzyme activity to tumor cell lines in 
10 tissue culture. One mouse tumor, a sarcoma, was then 
shown to be sensitive to GCV therapy in vitro and in 
vivo (Moolten and Wells, J. Natl. Cancer Inst. , 82 , 297 
(1990)). These experiments demonstrated the feasibility 
of killing tumor cells in vivo by using genetic 
15 engineering to create a target for cancer chemotherapy. 

However, as pointed out by the authors of those 
experiments (Moolten, Can. Res, , 46 , 5276 (1986); 
Moolten, Med. Hypotheses , 24 , 43 (1987); Moolten et al., 
J. Natl. Cancer Inst. , 82 , 297 (1990), the mosaic 
20 strategy suffers from a number of drawbacks and cannot 
be used in human subjects with the existing technology 
for genetically engineering cells. A current limitation 
associated with gene therapy using retroviral vectors is 
the inefficient transfer of genes to long-lived normal 
25 stem cells in humans (Eglitis et al., Biochem . Biophys . 
Res . Commun . , 151 , 201 (1988)). Retroviral vectors are 
the most efficient vehicles in current use for the 
transfer of exogenous genes into mammalian cells 
(Eglitis et al. , Biotechnioues , 6, 608 (1988)). Another 
30 limitation associated with retroviral vectors when used 
in vivo as envisioned in the mosaic strategy, is their 
limited and transient expression of inserted genes after 
introduction of the genetically-engineered cells into 
animals (Anderson et al., Cold Spring Harbor Svmp. 
35 Quant . Biol . , 51 , 1073 (1986)). Successful application 
of the mosaic model to cancer treatment requires that a 
gene inserted in vivo will continue to express at a 
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later time, possibly years later, when tumors arise from 
mosaic tissues. Another requirement of the mosaic 
strategy is the efficient infection of a relatively high 
proportion of stem cells that may later give rise to a 
5 tumor. If stem cells are inefficiently infected, then 
the probability that a tumor will arise from a 
genetically-engineered cell is low. Current 
technologies for long-term in vivo gene expression of 
inserted genes and for efficient widespread gene 
10 transfer to cells in human subjects are not currently 
available ♦ 

Other disadvantages of the mosaic model include 
stringent safety requirements for vectors used for gene 
therapy in healthy human subjects (Moolten, Med. Hypo- 

15 theses , 24 , 43 (1987); Anderson, Science , 226 , 401 
(1984)) or the need to insert genes into stem cells, 
which cells are poorly defined and difficult to 
genetically manipulate (Anderson et al., Cold Spring 
Harbor Svmp. Quant. Biol. , 51, 1073 (1986)). These 

20 considerations prevent the application of the mosaic 
strategy for cancer chemotherapy in the near future as 
pointed out by Moolten et al . , J. Natl . Cancer Inst. , 
82, 297 (1990). 

Another approach to cancer therapy that relies 

25 on retroviral -mediated gene transfer is described in a 
patent application entitled "Gene Therapy," (U.S. Ser. 
No. 07/365,567, NTIS publication No. PB89-206155 ) . This 
approach describes the use of retroviral vectors that 
carry either marker or therapeutic genes for 

30 genetically-engineering immune cells that fight against 
cancer in a subject. The genetically-engineered cells 
in this case are tumor infiltrating lymphocytes (TIL) 
which are believed to mediate cytotoxic immune responses 
against certain cancers (Rosenberg et al., New Engl. J. 

35 Med. , 316 , 889 (1987)). The TIL are explanted from 

tumors in human subjects and grown in tissue culture in 
vitro . Following growth in tissue culture, the cells 



are transduced with a retroviral vector, selected for 
growth of only those TIL that express vector genes and 
then reinfused back into patients. One aspect of the 
approach is the potential to use the geneti- 
cally-engineered TIL to target or return to the tumors 
in vivo , after the TIL are returned to the subject. 

Therefore, a need exists for effective methods 
of cancer therapy employing the techniques of genetic 
engineering to render populations of cancer cells 
susceptible to destruction with agents that do not 
adversely affect normal cells. 

SUMMARY OF THE INVENTION 
The present invention provides a method for 
eliminating cancer cells from a population of cells 
containing cancer cells and noncancerous cells (i.e., 
"tumor" or "malignant" cells and "normal" cells), 
comprising: 

(a) providing a mixture of noncancerous cells and 
cancer cells; 

(b) contacting the cancer cells with transgenic 
cancer cells comprising a foreign gene that 
renders the transgenic cancer cells 
substantially more susceptible to a therapeutic 
agent than the cancer cells or the noncancerous 
cells; and 

(c) contacting the transgenic cancer cells with an 
amount of the therapeutic agent effective to 
kill an amount of said transgenic cancer cells 
that is effective to result in the killing of a 
substantial portion of said cancer cells, while 
not substantially damaging said noncancerous 
cells . 
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When conducted in vitro , the present method can 
be used to eliminate cancer cells from normal cells in 
tissue culture. For example, cancer cells can be 
eliminated from human bone marrow from patients who are 
5 to receive an autologous bone marrow transplant. 

However, in a preferred embodiment, the present method 
is employed to treat cancer, e.g., by causing remission 
and/or elimination of cancer in human or animal subjects 
so afflicted. In the course of the present treatment, a 

10 portion, or population, of the cancer cells of the human 
or animal cancer patient or "subject" can be expl anted, 
and transformed with the foreign gene or genes to yield 
a population of genetically-engineered or transgenic 
cancer cells having the desired susceptibility to the 

15 therapeutic agent or agents. Useful transformation 
methods include trans fection, electroporation or 
liposome delivery of the foreign gene(s). The 
transgenic cancer cells can then be reimplanted into the 
subject, preferably at or adjacent to the tumor mass or 

20 masses. Alternatively, a population of the subject's 
cancer cells can be transformed in situ , to induce the 
desired susceptibility, by direct injection, of either 
"naked" DNA comprising the foreign gene or of the 
liposome-encapsulated gene . 

25 As used herein, the term "transgenic" means 

that the cancer cells are transformed by the techniques 
of genetic engineering so as to contain at least one 
gene or gene fragment in addition to, or in place of, 
the normal genetic complement or genome of the cell. 

30 The term "foreign" as used with respect to the gene used 
to transform the cancer cells means that the gene (or 
gene fragment) is obtained from a source that is 
different from the genome of the target or "parent" 
cancer cell , e.g., from a bacterium or a virus , 

35 preferably a retrovirus. The term "foreign gene" also 
includes completely synthetic genes or gene fragments . 
The foreign gene is preferably introduced into the 
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cancer cell on a vector, such as a plasmid vector or a 
viral vector, most preferably a retroviral vector, that 
also comprises a promoter, such as SV40, that will 
enhance expression of the gene following transformation, 
5 and optionally, a selectable marker gene, such as neo, 
hpt, or aphll, to assist in the identification and 
insulation of transgenic cancer cells. 

Surprisingly, it has been found that the 
"hybrid cancer" that results from introducing the 
10 transgenic cancer cells into the subject can be 

eliminated, or forced into remission, by administering 
to the subject an amount of a therapeutic agent or 
agents effective to kill at least a portion of the 
transgenic cancer cells. The therapeutic agent can be a 
15 bioactive chemical entity (a "drug") or radiation, such 
as UV light or gamma irradiation. Destruction of a 
sufficient number of the transgenic cancer cells 
initiates a chain of events, at least some of which are 
mediated by the subject's immune system, that leads to 
20 the destruction of at least a portion of the 

nontransgenic cancer cells. Surprisingly, the number of 
transgenic cancer cells need not exceed, or even equal, 
the number of nontransgenic cancer cells. Furthermore, 
the cancer cells transformed by the foreign gene need 
25 not be identical in lineage to the "parent" cancer cells 
sought to be eliminated, e.g., from the subject, but can 
be derived from an in vitro-established line of the 
same, or a different type of cancer cell. 

Preferred genes for imparting susceptibility of 
30 cancer cells to therapeutic agents, such as drugs, are 
introduced into cancer cells on retroviral vectors, and 
may be retroviral genes or gene fragments, such as the 
preferred thymidine kinase gene of herpes simplex virus 
type 1 (HSV-TK) . The expression of this gene renders 
35 the transgenic cancer cells susceptible to eradication 
by ganciclovir, an antiviral nucleoside analog. As used 
herein with respect to transgenic cancer cells, the term 
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"substantially more susceptible to a therapeutic agent" 
means that the agent has a therapeutic index (TI 50 ) which 
is sufficiently high so that transgenic cancer cells are 
killed without damaging normal noncancerous cells (or, 
5 directly f the cancerous cells), to the extent that 
measurable remission of the cancer occurs, without 
threatening the life of the afflicted subject* TX^'s of 
about 10 to 200-500 or above can be achieved during the 
practice of the present invention. 

10 Although the present invention is exemplified 

by reference to ganciclovir, other anti-viral nucleoside 
analogs are known to the art, and may be employed in the 
present invention, including vidarabine, acyclovir, A2T, 
carbovlr, ddl, ddC, ribavirin and the like. 

15 Representative compounds of this class of therapeutic 
agent are disclosed, e.g., in U.S. Patent Kos. 
4,931,559; 3,917,837; 3,817,982; 4,724,232 and in 
published European patent application nos. 349,242; 
236,935; 311,100; 316,017; and 369,409. Nonnucleoside 

20 antivirals can also be employed in the present 

invention. The present method can also be used to 
enhance the therapeutic index of other known classes of 
cytotoxic drugs, so that they can be used to effectively 
eliminate cancer cells. A discussion of these drugs is 

25 found in U.S. Patent Nos. 4,938,949 and 5,035,878. 

The present invention can also employ 
transgenic cancer cells having a foreign gene for a 
cytokine or lymphokine. Transgenic cancer cells with a 
cytokine gene can be employed alone or in combination 

30 with the above-described transgenic cancer cells having 
a foreign gene imparting cancer cell susceptibility to a 
therapeutic agent. Alternatively, transgenic cancer 
cells having both the foreign gene imparting drug 
susceptibility and a cytokine gene can be used. A 

35 preferred cytokine gene to be incorporated into the 
transgenic cancer cell is exemplified by interleukin-1 
(IL-1), IL-2, IL-4, IL-6, alpha interferon and gamma 
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interferon. By way of example only, a transgenic cancer 
cell having a retrovirus carried IL-1 gene can be 
employed together with a transgenic cancer cell having 
the HSV-TK gene. The combination of these transgenic 
5 cancer cells can be used to kill substantial amounts of 
transgenic and non- trans genie cancer cells without 
damaging normal non-cancerous cells. The cytokine gene 
can also be introduced to a transgenic cell together 
with a retroviral gene or gene fragment, as for example, 
10 HSV-TK, thereby providing transgenic cancer cells 

exhibiting both therapeutic agent susceptibility and 
cytokine activity useful to provide enhanced killing 
ability of cancer cells. 

In the practice of the present invention, it is 
15 also preferred to proliferate, or expand, the population 
of transgenic cancer cells in vitro r prior to 
administering them to the subject. In some cases, the 
ex vivo population obtained from the subject, and 
transformed, may be supplemented with transgenic cancer 
20 cells from another source. It is also preferred to 
irradiate the transgenic cancer cells with a "lethal" 
dose of gamma radiation, so that the population employed 
as the therapeutic dosage is viable, but unable to 
replicate . 

25 Generally, any cell type can act as a recipient 

for insertion of a selected gene or genes. These trans- 
genic cells can act in vivo or in vitro (i) to target 
tumors or malignant cells and (ii) to provide a cell 
population that is susceptible to a therapeutic agent or 

30 treatment. When administered to a subject, the 

transgenic cells render both the unmodified or resistant 
tumor cell population and the transgenic cells 
susceptible to cancer therapy. 

Another aspect of the present invention 

35 provides a method for the immunization of a subject 
against cancer that comprises, (i) introduction of a 
gene or genes into a population of cancer cells to yield 
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a population of genetically-engineered cells; (ii) 
expanding the population of the genetically-engineered 
cells in vitro ; (iii) implanting a unit dose of the 
population of the cells into the subject and (iv) 
5 administering to the subject an agent that is toxic to 
the implanted population of cells so that both the 
implanted population of cells and unmodified tumor or 
cancer cells are killed. 

10 DETAILED DESCRIPTION OF THE INVENTION 

Definitions of terms used herein are as 
follows. The term, "subject" refers to both humans and 
animals. The term "parental cells" refers to those 
cells that serve as a source of cells directly from a 

15 subject or from a cell line grown in tissue culture that 
is identical to the subject tumor cells. "Parental 
cells" are essentially genetically and phenotypically 
identical to daughter cells produced therefrom, e.g., 
they comprise the same cell surface antigens that are 

20 involved in the (i) immune response in a subject that 
leads to killing of those cells and (ii) recognition of 
parental cells by daughter cells in vivo . The term 
"daughter cells" refers to transgenic cells that are 
genetically engineered in order to insert a gene or 

25 genes that confer susceptibility upon the resultant 

transgenic cells to a therapeutic agent. Daughter cells 
are derived from parental cells and are essentially 
identical genetically to parental cells except for the 
inserted gene(s) or gene fragments. "Carrier cells" 

30 refer to any cell line, either transformed or 

nontrans formed, which contain one or more genes that can 
confer susceptibility upon the cells to at least one 
therapeutic agent. For example, "carrier cells" need 
not be derived from "parental cells," so long as their 

35 destruction leads to the death of a class of parental 
cells. For example, mouse fibrosarcoma cells can be 
used to kill mouse breast tumor cells and a human 
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ovarian cell line can be used to treat mouse fibro- 
sarcomae. "Hybrid cancer" or "hybrid tumor" refers to a 
cancer or tumor in a subject that consists of a mixed 
population of parental and either daughter or carrier 
5 cells. Parental and daughter or carrier cells need not 
necessarily be derived from the same subject; a wide 
variety of cell lines may be used to generate either 
daughters or carriers . " In vivo " refers to cells or 
events present or occurring in the subject and " in 
10 vitro " refers to cells or events present or occurring in 
tissue culture. "Susceptibility gene(s)" refers to (i) 
a gene(s) that directly or indirectly renders cancer 
cells that carry and express such gene(s) susceptible to 
exogenously administered therapeutic agents, (ii) a 
15 gene(s) that elicits or enhances an immune response in a 
subject that leads to killing of both daughter or 
carrier and parental cells or (iii) a gene(s) that 
elicits any response in the subject that facilitates 
killing of both daughter or carrier and parental cells. 
20 The present invention is based on the finding 

that when a hybrid cancer or tumor is generated by 
implanting a mixture of parental and daughter cells into 
a subject, such as an animal host, and subsequently 
administering a therapeutic agent toxic to the daughter 
25 cells leads to the killing of parental cells as well as 
the daughter or carrier cells. Killing of cancer cells 
in a subject, wherein the cells consist of a cell 
population of daughter cells only, in this manner has 
been demonstrated by Moolten et al., J. Natl. Cancer 
30 Inst . , 82 , 297 (1990), as discussed supra . However, it 
has surprisingly been found that treatment of a hybrid 
tumor or cancer condition also can lead to complete 
regression of the tumor or cancer in a subject, after 
administration of an appropriate therapeutic agent to 
35 the subject having the hybrid cancer or tumor. This 
finding, when applied in the context of therapeutic 
applications, permits the specific killing of hybrid 
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cancer cell populations in a subject by the use of a 
therapeutic agent that has relatively low toxicity 
toward normal, noncancerous cells in the subject. The 
killing of parental cells is believed to be due in part 
5 to immune responses induced in the subject. However, 
additional mechanism ( s ) of killing of parental cells in 
the subject may also be partly responsible for parental 
cell killing. 

Parental cell killing may be related to 
10 necrosis or apoptosis. Necrosis is characterized by 
swelling of the cell, disintegration of the cell 
membrane and nuclear f locculation. Apoptosis is 
characterized by cell shrinkage, membrane vesicle 
formation and condensation of chromatin (Cotter et al., 
15 Anticancer Research , 10 , 1153 (1990)). Killing of 

parental cells may be due in part to death of daughter 
or carrier cells by apoptosis, resulting in tumor 
"immunity" in a subject. 

As described above, the mosaic strategy for 
20 cancer therapy relies on gene transfer and expression 
technology that is not currently available since it 
relies on gene transfer into normal cells that may 
subsequently become malignant. (Moolten et al., J. 
Natl . Cancer Inst . , 82, 297 (1990); Moolten, Med. 
25 Hypotheses , 24, 43 (1987)). Current gene therapy 

approaches for various disease states rely on insertion 
of genes into lymphocytes or other normal cells such as 
epithelial cells (Morgan et al., U.S. Patent No. 
4,868,116). The present invention differs from these 
30 approaches in that it utilizes cells that are malignant 
to carry an inserted gene into a subject. Another 
approach to cancer therapy, described by Gottlieb (U.S. 
Patent No. 4,874,608), relies on the use of agents that 
are administered in order to enhance a subject's immune 
35 response against malignant cells. The present invention 
utilizes cancer cells to generate an in vivo response 
that may have an immune component as part of the 
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subjects' response against malignant cells. Other 
related approaches meticulously eliminate cancer cells 
from the therapeutic protocol before administering 
genetically-engineered cells to a subject (Rosenberg et 
5 al., New Engl. J. Med. , 316 , 889 (1987)). 

Previous work has demonstrated that the 
effectiveness of immunization of a subject is affected 
by the type of antigen that is used. However, it is 
generally found that immunization of a subject is most 
10 effective when the antigen used for immunization closely 
resembles the native antigen present in the "target" 
pathogen. In the current invention, live cancer cells 
may serve as an immunogen to stimulate a specific immune 
response against the cancer cells. Although alive, the 
15 carrier cancer cells used are preferably not be capable 
of cell division when used in vivo . Live, 
nonreplicating carrier cells may be conveniently be 
obtained by lethal irradiation. The method described 
herein is thus conceptually counter to current 
20 approaches toward cancer therapy by utilizing live 
malignant cells for therapeutic benefit. The present 
invention also utilizes presently-available gene 
transfer technology for exploiting gene expression in 
subjects shortly after implantation of 
25 genetically-engineered or "trans genie " cells into a 
subject for therapeutic benefit. This method thus 
places less stringent demands on existing gene transfer 
and expression technology because expression of a 
gene(s) inserted into cells in a subject is required 
30 only for a short period of time, i.e., during 

administration of an appropriate therapeutic agent to 
effect killing of susceptible daughter cells, and thus 
to initiate the therapeutic process. 

The present invention can thus be widely 
35 utilized for the treatment of various animal or human 
cancers or malignancies, including cancers associated 
with hematopoietic cells, central nervous system cells, 
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lung cells, breast cells, ovary cells and liver cells. 
Specific human cancers amenable to treatment include 
melanoma, colon cancer, ovarian cancer, pancreatic 
cancer/ stomach cancer, neuroblastoma, squamous cell 
5 carcinoma, fibrosarcoma and leukemia. Because the 

genetically-engineered daughter cells described herein 
are designed to be extremely sensitive to a preselected 
drug or non-drug therapy, minimal toxicity to normal 
subject cells and tissues occurs during the course of 
10 drug treatment or other therapy that is used to kill the 
daughter cells in the subject. 

Preferred embodiments of the present invention 
employ retroviral vectors to transfer a gene imparting 
drug susceptibility into a population of cancer cells. 
15 The preferred vectors used herein are designated STK, 
fiTK f pILl, LASN and LNL. The STK vector carries genes 
that encode the neomycin phosphotransferase gene (Neo) 
from the bacterium Escherichia coli and the thymidine 
kinase gene (TK) from human herpes simplex virus type 1. 
20 TK genes from other viral sources could be utilized in 
place of the HSV TK gene in STK. The Neo gene was 
expressed via the LTR promoter and the TK gene was 
expressed via the SV40 virus early promoter as described 
by Moolten et al., J. Natl. Cancer Inst. , 82, 297 
25 (1990). The TK gene renders mammalian cells that 

express the TK protein susceptible to killing by the 
anti-viral nucleoside ganciclovir (GCV) as described 
above (Moolten and Wells, J. Natl. Cancer Inst. , 82 , 297 
(1990)). The STK vector thus served to transfer a drug 
30 susceptibility gene into malignant parental cells in 
order to generate malignant daughter or carrier cells. 
Cells carrying the Neo gene are also resistant to 
killing by the neomycin analog, G418, which is toxic to 
mammalian cells that do not express the Neo protein. 
35 The Neo gene permits growth of cell populations wherein 
all cells contain and express the vector by growing the 
cells in the presence of G418. This ensures that all 
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cells that lack the vector are killed before subsequent 
studies are carried out in subjects. The LNL vector 
carries only the Neo gene and serves as a control to 
show that the effects observed in subjects are not due 
5 to the presence of either vector sequences or to the 
presence of the npt. The pTK vector is similar to the 
STK vector except that the TK gene is expressed via the 
herpesvirus TK promoter as described by Moolten et al . , 
J. Natl. Cancer Inst. , 82 , 297 (1990). 
10 It has been found that employing transgenic 

cells having a cytokine gene together with transgenic 
cancer cells having a gene imparting drug susceptibility 
is useful. Additionally, a retroviral vector including 
both the gene imparting drug susceptibility and a 
15 cytokine gene such as interleukin, an interferon, or the 
like, can be used to produce a useful transgenic cancer 
cell with both drug susceptibility and cytokine 
activity . 

Introduction of vector sequences into parental 
20 cells can be achieved by a process known as 

transduction, e.g., as disclosed by Moolten et al., J. 
Natl. Cancer Inst. , 82 , 297 (1990). Transduction was 
carried out using various tumor cell lines comprising 
either the STK vector or the LNL control vector. Thus, 

25 two different transgenic cell lines, one carrying the TK 
(and Neo) gene and a control line carrying only the Neo 
gene, were derived by transduction from each primary 
tumor cell line. The resultant LNL transgenic tumor 
cell lines (LNL cells) were used as parental cells and 

30 the resultant STK transgenic tumor cells (STK cells) 
were used as daughter cells. Injection of syngeneic 
mice with either LNL cells, STK cells or mixtures of 
both LNL and STK cells was followed by administration of 
GCV, and the course of cancer progression or arrest 

35 (induced by GCV) in mice was followed. It was found 
that mixtures of 90% STK cells and 10% LNL cells were 
efficiently suppressed by GCV therapy in mice. 
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Surprisingly, mixtures that consisted of 50% each of STK 
and LNL cells were also effectively killed in mice by 
GCV therapy. In all cases, control animals receiving 
the same cell types but not treated with GCV experienced 
5 cancer progression as measured by tumor growth and/or 
death of the subject animal. Control animals containing 
tumors consisting of 100% LNL cells that were treated 
with GCV also experienced unchecked tumor growth. 

Further investigation was carried out to 

10 determine the nature of the mechanism responsible for 
killing of the normally GCV- resistant LNL cells. A 
presence of an immune component was discovered that 
apparently kills the LNL cells. This was demonstrated 
by implanting STK cells into mice and administering GCV 

15 until the STK cells were killed. Six to eight weeks 

later, additional STK cells were implanted into the same 
mice and the progression of cancer was followed without 
administration of GCV. It was discovered that in the 
majority of animals tested, tumor progression did not 

20 occur. Control animals that were not previously 

challenged with STK cells and GCV experienced tumor 
growth as expected* The presence of an immune component 
was further demonstrated by conducting the same 
experiment using mice sublethally (500 rads) irradiated 

25 to reduce their immune responses. These animals, when 
challenged with STK cells, could not eliminate the STK 
tumors after administration of GCV in all cases. 

The success of the present therapeutic method 
appears to depend at least partially on (i) the 

30 mechanism of tumor cell death initiated by the drug 
treatment and (ii) an immune response elicited in the 
host after introduction of the genetically engineered 
tumor cells. As described above, malignant and the 
corresponding normal cells tend to have only minor or 

35 subtle differences between them. OOce an immune or 

physical response to daughter or carrier cells has been 
initiated, parental cells also become vulnerable to the 
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response. In view of (i) the close similarity of 
malignant cells to normal cells and (ii) the 
effectiveness of the response elicited by the methods 
disclosed herein, cells in a human or animal subject, or 
5 in tissue culture, that are malignant or otherwise 
diseased (such as virally infected) are candidates for 
elimination via the present therapeutic approach. For 
example, cells infected with pathogenic human viruses 
usually express one or more cell surface antigens that 
10 mark the infected cells. These antigens are foreign to 
the subject's genome and can thus serve as tags that 
lead to cell death after the killing response is 
generated in the host using the present method. 
Antigens that are often associated with human cancers, 
15 such as the carcinoembryonic antigen, may also be 
inserted into malignant cells in order to generate a 
population of daughter cells that will elicit, in a 
subject, an effective host response that will kill both 
parental and daughter cells. 
20 Other mechanisms, in addition to an immune 

response, appear to be involved in target cell killing. 
Mixtures of 50% LNL and 50% STK cells in tissue culture 
are killed when GCV is added to the culture medium. A 
non-immunologic component must also exist because no 
25 immune cells are present in the mixed cell populations 
in vitro . The mechanism may be related to the manner of 
cell death induced by the GCV treatment. Cells dying in 
response to GCV were shown to expire by the process of 
apoptosis. During apoptosis, tumor cells break down 
30 into apoptotic vesicles. The vesicles can be 

phagocytized by parental tumor cells. Thus, the carrier 
cells expressing TK may die after exposure to GCV, 
generating vesicles which contain the TK enzyme and 
which are phagocytized by parental tumor cells. Once 
35 inside parental cells, the TK enzyme converts GCV to a 
form that is toxic to the parental tumor cells. In 
addition, a significant amount of toxic GCV metabolite 
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in the daughter cells may be transferred into parental 
cells in vesicles which then can contribute to killing 
the parental cells. 

Another aspect of the present invention is the 
5 homing of daughter cells to parental cells in vivo . Al- 
though a cell -mediated response appears to be 
responsible for the long-term immunization of animals 
after challenge with daughter cells followed by their 
elimination by GCV, the killing of both daughter and 

10 parental tumor cells by GCV within a few days after GCV 
was administered, shows that another mechanism is 
responsible for tumor cell killing. The rapid cell 
killing after GCV therapy was initiated showed that 
tumor cell killing responses in the subjects occurred 

15 before known cell-mediated responses could be 

established. The parental tumor cell killing was due to 
homing of daughter cells to resident parental tumor 
cells. This was demonstrated by injection of parental 
cells 24 hours prior to injection of daughter cells into 

20 a subject and subsequent initiation of GCV therapy. The 
rapid and reproducible killing of both parental and 
daughter cells demonstrates that the subject can kill 
all tumor cells before a classical cell mediated immune 
response was established. The precise nature of the 

25 cell killing response by the subject is not fully 

understood at a molecular level, but probably involves 
homing of daughter cells to parental cells in the 
subject. The ability of malignant cells to migrate or 
metastasize is the phenomenon whereby cells of the same 

30 type tend to aggregate or grow together both in vitro 
and in vivo . In the present case, daughter cells may 
migrate to parental cells resident in the subject and, 
after initiation of GCV therapy, lead to rapid killing 
of the parental cells by the subject. 

35 Any method that can generate a daughter cell 

population will lead to the desired results in vivo . 
The use of such methods involves direct introduction of 
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an appropriate gene(s) into a tumor in vivo . If, for 
example, a viral vector can infect a sufficient number 
of tumor cells after in vivo administration, then an 
appropriate daughter cell population can be generated in 
5 vivo without the need to explant tumor cells from the 
subject for genetic manipulations in vitro . Other 
methods of direct in vivo gene transfer have been 
described, e.g., by Wolff et al., in Science , 247 * 1465 
(1990)/ that can be used to generate a sufficient 
10 population of daughter cells in vivo , without the need 
to explant tumor cells for genetic manipulation in 
vitro . The present method may also be used together 
with conventional cancer therapies in order to enhance 
overall therapy efficacy. 
15 The present invention is described by reference 

in the following detailed examples. 

Example 1 

Tn vitro toxicity of GCV for WEHI-STK cells. Cell 
20 proliferation assay. 

The WEHI murine myelomonocyte tumor cell line 
[American Type Culture Collection (ATCC) No. TIB 68], 
derived from BALB/c mice, was transduced with the STK 
vector. The viral stock used for transduction was 
25 derived from producer cell lines derived from either 

PA317 or psi-2 packaging cell lines, which were grown to 
70-90% confluence in tissue culture flasks. Fresh 
medium was added and 16-20 hours later, the viral stock 
was isolated. The WEHI line was grown in viral stock 
30 with 8 /jg/ml polybrene for 24 hours, at which time the 
cells were placed in fresh medium. Twenty- four hours 
later, the transduced cells were selected for in G418 
(Geneticin, GIBCO, Inc.) at a concentration of 200-2000 
jig/ml, depending on the cell type. The transduced cells 
35 were grown in standard tissue culture medium, Dulbeccos 
Modified Eagle's Medium with 10% fetal calf serum and 
glutamine (DWKW) , supplemented with 0.8 mg/ml of G418 in 
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10 



15 



20 



25 



30 



35 



40 



order to select for a population of cells that all carry 
and express the STK vector. See Mann et al., Cell , 33 , 
153 (1983). The resulting cell population, WEHI-STK, 
was then tested for sensitivity to exposure to GCV in 
tissue culture* Transgenic WEHI-STK cells (1 x 10 5 ) were 
plated on 35 mm tissue culture plates 24 hours prior to 
exposure to GCV for either 24 or 72 hours. Following 
GCV treatment, the cells were assayed for proliferation 
by measuring 3 H-thymxdine uptake. The results shown in 
Table 1 demonstrated that the WEHI-STK cells were 
sensitive to GCV exposure and control WEHI cells were 
relatively insensitive. The results are expressed as a 
percentage of cell proliferation compared to control 
WEHI cells not exposed to GCV. 

TABLE 1 



24 hour 
exposure 



72 hour 
exposure 





GCV concen- 


prolifer- 


cell line 


tration (pM) 


ation (%) 


WEHI 


0.005 


100 




0.05 


95 




0.5 


90 




5.0 


90 




50 


80 


WEHI-STK 


0.005 


100 




0.05 


80 




0.5 


50 




5.0 


15 




50 


8 


WEHI 


0.005 


100 




0.05 


90 




0.5 


95 




5.0 


90 




50 


60 


WEHI-STK 


0.005 


100 




0.05 


80 




0.5 


13 




5.0 


1 




50 


0.6 



45 
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Example 2 

Xa 3z±tra toxicity of GCV for Kbalb-STK cells . 
Colony inhibition time course assay. 

The Kbalb murine fibrosarcoma cell line was 
5 transduced with the STK vector and grown in standard 
tissue culture as described in Example 1 in order to 
select for a population of cells that all carry and 
express the STK vector. The Kbalb line is itself a 
transformed tumorigenic derivative of the BALB/3T3 
10 clone A31 ceil line (ATCC Wo CCL 163). STK vector 

stocks were obtained from the Y2 packaging line and used 
as described above. Fifty thousand cells were plated on 
10 cm tissue culture dishes IB hours prior to exposure 
to DMEM containing either 1 pM or 10 pM GCV for 
15 different periods of time. Medium was then removed, the 
plates were washed three times with sterile phosphate 
buffered saline to remove GCV and then fresh DMEM 
without GCV was added. Colonies were then counted 14 
days later. The results shown in Table 3 demonstrated 
20 that the Kbalb-STK cell line was sensitive to killing by 
a brief exposure to GCV. The results were expressed as 
the number of colonies that grew on the GCV treated 
plates after 14 days in culture. The maximum number of 
colonies that could be counted was 150 per plate and 
25 plates with 150 or more colonies were scored as 150. 

TABLE 2 

Kbalb-STK Colonies Counted 



30 hours in GCV 1 paa GCV 10 jroi GCV 



0 150 150 

35 3 32 18 

6 28 14 

12 23 14 

18 14 12 

24 15 6 

40 48 8 10 
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Example 3 

Tn vitrn toxicity of GCV for Kbalb-STK and HCT-STK 
human colon carcinoma cells. Colony inhibition assay. 
Two cell lines were tested for their 
5 sensitivity to GCV. The HCT human colon carcinoma cell 
line was obtained from the ATCC (CCL 225) and transduced 
with the STK vector as in Example 1 to obtain the 
HCT-STK cell line. On day 0, 2 x 10 3 cells were plated 
on 60 mm plates using culture medium containing GCV at 

10 the levels indicated in Table 3. The plates were left 
for 10 to 14 days at 37°C and then stained. The number 
of colonies were counted and the results are shown in 
Table 3. Plates containing £ 150 colonies were scored as 
150. Cells expressing TK were sensitive to GCV and 

15 control cells containing no vector or the LNL vector 
were resistant. 
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TABLE 3 

cell line GCV concentration (jjM) colonies 



10 



15 



20 



25 



30 



35 



40 



45 



Kbalb 


0 

fl 005 


150 
150 






150 




0 5 


150 




5 0 


150 




DU 


150 


Kbalb-LNL 


0 


150 
150 






150 






150 




J • u 


150 






150 


Kbalb-STK 


0 


150 
150 


n nrm 

U • UUD 






80 






12 






7 






6 


Kbalb-MTK 


0 


150 
150 




n or 


48 




o 5 


10 




5 0 


9 




50 


9 


HCT 


0 

0.005 


Xj U 

150 




0.05 


150 




0.5 


150 




5.0 


150 




50 


150 


HCT-STK 


0 


150 
150 


0.005 




0-05 


150 




0.5 


12 




5.0 


1 




50 


0 



Example 4 

50 tt. .Hvn response to GCV therapy using Kbalb-STK and 

TTbalb-LNL cells. Tumor regres sion assay. 

Four groups of four BALB/c mice per group were 
injected subcutaneous ly (s.c.) with 2 x 10 5 cells in 
sterile saline per animal using the following cells or 

55 cell mixtures: Group 1, Kbalb-STK; Group 2, 90% 
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Kbalb-STK and 10% Kbalb-LNL; Group 3, 50% each Kbalb-STK 
and Kbalb-LNL; Group 4, 100% Kbalb-LNL. Beginning three 
days after injection, GCV was administered 
interperitoneally (i.p.) twice daily at a dose of 150 mg 
5 GCV/kg mouse for 5 days. Tumor size at the injection 
site was determined from one animal from each group on 
days 0, 3, 9 and 17 from the time the cells were 
injected into the animals. The results shown in Table 4 
indicate tumor growth occurred in all groups until day 

10 three. After initiation of GCV therapy, tumor size on 
day 9 remained the same as at day three and had,, 
regressed completely by day 17 in Groups 1, 2 and 3. 
Group 4 tumor growth continued unchecked throughout the 
duration of the experiment. These results clearly 

15 showed killing of both GCV sensitive and GCV resistant 
tumor cells in vivo in animals containing tumors 
consisting of cell mixtures. 



TABLE 4 

20 

day after tumor 
Animal Group injection diameter (mm) 



25 





1 


0 


0 






3 


2.5 






9 


2.2 


30 




17 


0 




2 


0 


0 






3 


2.3 






9 


2.3 






17 


0 


35 


3 


0 


0 






3 


2.4 






9 


2.4 






17 


0 




4 


0 


0 


40 




3 


2.4 






9 


6.0 






17 


14.2 
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Example 5 

Tn vwo response to GCV therapy using transduced Kbalb 
and EMT 6 . 8 cell populations . Host survival and 
targeting of injected Kbalb- 5 TK cells to a resident 
5 Kbalb-LNL or EMT 6.8 tumor. 

The EMT 6.8 murine mammary tumor cell line was 
obtained from the ATCC. Six groups of six BALB/c mice 
per group were injected i.p. on day 0 with 2 x 10 5 
transduced tumor cells in sterile saline per animal as 
10 follows: Group 1 , Kbalb-LKL; Group 2 , Kbalb-STK; Group 
,3, 50% each Kbalb-STK and Kbalb-LNL . A fourth group, 
Group 4 , of six BALB/c mice was injected i.p. on day 0 
with 2 x 10 5 Kbalb-LNL cells and then 24 hours later 
with 1 x 10 6 Kbalb-STK cells injected i.p. On day five, 
15 5 days after initial cell injections for all groups, 
daily GCV therapy (150 mg GCV/kg injected i.p. twice 
daily) was administered. Group 5 animals were injected 
i.p. with 2 x 10 5 EMT 6.8 cells on day 0 and followed 
over time. Group 6 animals were injected i.p. with 2 x 
20 10 5 EMT 6.8 cells on day 0 and then injected with 1 x 
10 6 Kbalb-STK cells on day 1 followed by GCV treatment 
(150 mg GCV/kg injected i.p. twice daily) starting on 
day 5. Survival of the animals was then followed over 
time. The results shown in Table 5 (number of animals 
25 surviving in each Group over time) demonstrated that a 
mixed population of tumor cells (Group 3) was killed in 
vivo by GVC therapy resulting in prolonged survival 
times compared to controls (Group 1). Five out of 6 
Group 4 animals survived over the 30-day time period of 
30 the experiment. The result from Group 4 demonstrated 

that transduced tumor cells introduced into an area near 
a pre-existing tumor leads to regression of the 
pre-existing tumor after appropriate therapy is 
initiated. The results here also showed that peritoneal 
35 cavity tumors respond to the GCV therapy. These results 
also demonstrated that the daughter cells, which were 
injected into the subject animals after introduction of 
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parental cancer cells into the peritoneal cavity, were 
able to migrate to or target the parental cells in vivo 
and killed therci, which resulted in prolonged survival. 

TABLE 5 

day after number of 

Animal Group injection surviving 



animals 
10 _ 



15 



20 



25 



30 



35 



40 



45 



1 


15 


6 




16 


4 




17 


2 




1 


80 


2 


15 


6 




16 


6 




17 


6 




18 


6 




19 


6 




30 


6 


3 


15 


6 




16 


6 




17 


6 




18 


6 




19 


6 




30 


6 


4 


15 


6 




16 


5 




17 


5 




18 


5 




19 


5 




30 


5 


5 


15 


5 




16 


5 




17 


4 




30 


0 


6 


15 


5 




16 


5 




17 


5 




30 


4 



50 
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Example 6 

Demonstration of preexisting tumor cell killing In 
vivo - Regression of tumors that preexisted in the peri- 
toneal cavity for 1 to 5 days prior to introduction of 
5 Kbalb-STK cells. 

Six groups of mice were used to show the effect 
of Kbalb-STK cells on tumors that were derived from 
Kbalb-LNL cells previously injected into the peritoneum. 
Mice were injected i.p. as follows: Group 1 (control; 6 
10 animals) 2 x 10 5 Kbalb-STK cells were injected on day 0 
and given no further treatment; Group 2 (control; 4 
animals) 2 x 10 s Kbalb-LNL cells were injected on day 0 
and given no further treatment; Group 3 (control; 10 
animals) 2 x 10 3 Kbalb-LNL cells were injected on day 0 
15 and given 150 mg GCV/kg i.p. b.i.d. for 2.5 days (total 
of 5 doses of GCV) starting 5 days after injection; 
Group 4 (8 animals) 2 x 10 3 Kbalb-LNL cells were injected 
on day 0 and then 1 x 10 6 Kbalb-STK cells were injected 
i.p. on day 5, followed by 150 mg GCV/kg i.p. b.i.d. for 
20 2.5 days starting on day 9; Group 5 (8 animals) 2 x 10 5 
Kbalb-LNL cells were injected on day 0 and then 1 x 10 7 
Kbalb-STK cells were injected i.p. on day 5, followed by 
150 mg GCV/kg i.p. b.i*d. for 2.5 days starting on day 
9; Group 6 (12 animals) 2 x 10 5 Kbalb-LNL cells were 
25 injected on day 0 and then 1 x 10 6 Kbalb-STK cells were 
injected i*p. on day 1, followed by 150 mg GCV/kg 
i.p. b.i.d. for 2.5 days starting on day 5. No survivors 
in Groups l, 2 or 3 were observed by 21 days after 
injection of cells, consistent with the course of tumor 
30 progression without any effective treatment. Group 6 

animals had a mean survival of 31.6 days giving a p<0.01 
when compared to group 2 which had a mean survival of 
less than 19 days. Group 4 had a survival rate of 50% 
at 26 days and 25% at 43 days while Group 5 had a mean 
35 survival of 50% at 30 and 25% at 41 days after injection 
of Kbalb-LNL cells. The results demonstrated that a 
preexisting tumor was driven to regression by 
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implantation of daughter cells and administration of GCV 
treatment . 

Example 7 

5 Tr> vivn response to GCV therapy using LNL 205 and 

205-STK cell populations. Tumor regression assay. 

Four groups of DBA/2 mice with 6 animals in 
each group were injected i.p. with 2 x 10 5 cells on day 0 
and on day 1 (24 hours later) daily GCV therapy (150 mg 

10 GCV/kg, i.p. injection) was initiated and continued for 
the duration of the experiment. The 205 cell line is a 
methylcholanthrene-induced fibrosarcoma which was 
generated in DBA/2 mice. The 205 cell line was 
transduced by either the STK in the LNL vectors in 

15 accord with the procedures of Example 1 to yield 205-STK 
or LNL 205 cells. Tumor size from pairs of animals was 
measured at day 3, 9 and 15. Mice were injected as 
follows: Group 1, LNL 2 x 10 5 cells; Group 2, 50% each of 
LNL 205 and 205-STK cells; Group 3, 90% of LNL 205 (i.e. 

20 1.8 x 10 5 cells) and 10% (i.e. 2 x 10* cells) of 205-STK 
cells; Group 4, 205-STK cells. Tumor regression 
occurred in all Group 2 and 4 animals by day 15 (no 
tumors detectable at day 15). Tumor regression occurred 
in 50% of Group 3 animals by day 15. Tumor growth in 

25 Group 1 occurred with all animals having tumors of at 
least 7 mm in diameter by day 15. These results showed 
that only a small proportion of the malignant cells in a 
subject need be genetically engineered with an 
appropriate gene to generate an acceptable daughter cell 

30 population for therapeutic efficacy. 
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Example 8 

Demonstration of an immune component in the 
biological response to tumor c pIIr in vivn. Immunization 
of animals to a second challenge with tumor cells after 
5 killing of initial tumor cells by GCV therapy. 

Three groups of BALB/c mice were used as 
follows: Group 1 . inject 2 x 10 4 Kbalb-STK cells s.c. (8 
animals) with no further treatment; Group 2 , (i) inject 
2 x 10* Kbalb-STK cells s.c. and initiate GCV therapy 
10 (150 mg GCV/kg daily i.p.) 3 days post implant and 

continue for 5 days then (ii) inject 2 x 10* Kbalb cells 
s.q. 6 weeks after GCV therapy was discontinued (3 
animals); Group 3 , (i) inject 2 x 10 4 Kbalb-STK cells 
s.c. and initiate GCV therapy (150 mg GCV/kg daily i.p.) 
15 3 days post implant and continue for 5 days then (ii) 

inject 2 x 10 4 Kbalb cells s.c. 8 weeks after GCV therapy 
was discontinued (3 animals). Tumor size in the animals 
was then determined 12 days after cell implantation. 
The average tumor size for the 8 Group 1 control animals 
20 that had tumors was 6.1 mm diameter. The Group 2 tumor 
sizes were 4.9/ 0, 0 mm diameter (i.e. 2 of the animals 
had no detectable tumor) . No tumor was detectable in 
any of the group 3 animals. These results show 
effective immunization related to initial tumor 
25 destruction in vivo . The immunization results are 
statistically significant using the T test for 
significance (P - < 0.001). The experiment was repeated 
a second time using the 205 tumor cell line. On day 1, 
28 mice were injected with a population consisting of 1 
30 x 10 6 205-STK (100%) or 205-STK (50%) and 205 (50%) cells 
and GCV treatment was initiated on the same day and 
continued for 5 days. On day 43, 1 x 10 5 205 tumor cells 
were injected subcutaneously. 13 of the 28 mice had no 
detectable tumors at 12 days after challenge. 

35 
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Example 9 

In gisxi response to GCV therapy using a human neuro- 
blastoma cell line. Tumor inhibition assay. 

The human neuroblastoma cell line, SK-N-MC 
5 (ATCC No. HTB 10) was transduced with the STK vector and 
grown in medium containing G418 in order to generate the 
SKNMC-STK cell line. Three BALB/c mice were injected 
with 1.5 x 10 6 SKNMC-STK cells s.c. and, for two of the 
animals, GCV therapy (150 mg GCV/kg i.p. daily 

10 injection) was initiated the following day (day 1). The 
remaining animal was not treated with GCV. At day 6 
tumor size was determined for each animal. The 
untreated control animal had a tumor at the site of 
injection 6.5 mm in diameter. No tumor was detected in 

15 either of the two animals that received GCV therapy. 
This result demonstrated that TK vectors currently 
available adequately express the TK gene in human tumor 
cells in vivo so that GCV therapy is effective. This 
experiment also demonstrated that human tumor cells are 

20 susceptible to killing by a subject in vivo . The 

observation that human cells respond to this therapeutic 
method, shows that cancers from other species (human) 
are amenable to treatment by the disclosed method. 

25 Example 10 

Daughter cells in a mixture that leads to 
killing of parental cells . Tumor inhibition assay in an 
intraperitoneal model . 

BALB/c mice were injected i.p. on day 0 with 

30 Kbalb, Kbalb-LNL or Kbalb-STK cell populations as 

described in Example 4 above. The animal groups were 
injected with cell populations that consisted of: Group 
1 (5 animals; 2 x 10 5 cells; no GCV treatment) Kbalb-LNL 
cells; Group 2 (9 animals; 2 x 10 5 cells; 150 mg GCV/kg 

35 i.p., b.i.d. x 2.5 days starting on day 5) Kbalb-LNL 
cells; Group 3 (3 animals; 2 x 10 3 cells; no GCV 
treatment) Kbalb-STK cells; Group 4 (12 animals; 2 x 10 5 
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cells; 150 mg GCV/kg i.p./ b.i.d. x 2.5 days starting on 
day 5) Kbalb-STK cells; Group 5 (12 animals; 2 x 10 5 
cells; 150 mg GCV/kg i.p./ b.i.d. x 2.5 days starting on 
day 5) 50% Kbalb-STK and 50% Kbalb-LNL cells. All 
5 animals in Groups 1, 2 and 3 had a mean survival of less 
than 20 days and no animals survived longer than 21 
days. Group 4 and 5 animals had a mean survival time 
longer than 30 days, with Group 5 having a 100% survival 
at 58 days. Group 4 animals had a survival rate of 83% 
10 at 80 days and Group 5 had a survival rate of 66% at 80 
days. The Group 5 results demonstrated that daughter 
cells can be present in a tumor containing parental 
cells and still result in an effective antitumor 
response . 

15 

Example 11 

Daughter cells generated ir> vivo by transfer of the 
TK gene into a preexisting- tumor. Tumor inhibition 
protocol using retroviral vector stock to transfer the 

20 TK gene into Kbalb cells, 

Balb/c mice were injected i.p. with 5 x 10* 
Kbalb tumor cells on day 0. On days 1, 2 and 3 the mice 
were injected i.p. with either LNL or STK stock (about 
4.0 ml /injection; vector titer for either virus was 

25 about 1 x 10 6 cfu/ml) in DMEM with serum. Three groups 
of animals were followed. Group 1 received LNL vector 
and GCV therapy (150 mg/kg b.i.d.) for 2.5 days starting 
on day 5. Group 2 received STK vector and no GCV 
therapy. Group 3 received STK vector and GCV therapy 

30 for 2.5 days starting on day 5. There were no survivors 
in Group 2 by 18 days after injection of cells and no 
survivors after 26 days in Group 1. Survivors (25%) 
were observed in Group 3 at 35 days. The results 
demonstrated that GCV treatment resulted in prolonged 

35 survival after in vivo gene transfer into the tumor 
cells. 
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Example 12 

Xn y-uzn response to GCV therapy using a human 
ovarian carcinoma cell line. Tumor inhibition assay in 

3LUEQ. 

5 Two groups of Balb/c mice were injected i.p. 

One group was injected with 2 x 10 3 Kbalb-LNL cells on 
day 0 and then with 2 x 10 6 SKOV-STK cells i.p. on dayl 
and then given no further treatment (Group 1; 4 
animals). The other group was injected with 2 x 10 s 
10 Kbalb-LNL cells on day 0 and then with 2 x 10 6 SKOV-STK 
cells i.p. on day 2, followed by 150 mg GCV/kg i.p. 
b.i.d. for 2.5 days (5 doses) starting on day 4 (Group 
2 ; 4 animals ) . The SKOV-STK cell line was obtained by 
infection of the human ovarian adenocarcinoma cell line 

15 SK-OV-3 (obtained from the American Type Culture 
Collection - ATCC) with the STK vector as described 
above. Group 1 animals had a survival rate of 50% at 20 
days and a survival rate of 0% at 25 days. Group 2 
animals had a survival rate of 100% at 20 days and a 

20 survival rate of 75% at 25 days and at 55 days. The 
results demonstrated that, in this particularly 
preferred embodiment/ a tumor carrier cell population 
derived from a cell line different from the parent tumor 
population and from a different species, could lead to 

25 killing of the parent tumor after GCV treatment. The 
result obtained using the human ovarian tumor cell line 
showed that cells derived from a tumor different from 
the parental cells could unexpectedly elicit a tumor 
killing response in vivo * By using human tumor cell 

30 lines in this Example, the clinical applicability of 
this method become apparent. 



WO 93/02556 



PCT/US92/06188 



Example 13 

la vi.t-rn response to GCV therapy using a mixture of 
cell lines. Killing of cells resistant to GCV in ztiXm 
by GCV sensitive cells. 
5 A cell mixing study was used to demonstrate 

killing of parental cells by daughter cells in tissue 
culture. Five different mixtures of Kbalb-STK and 
Kbalb-LNL cells were plated on 10 cm tissue culture 
plates and then treated with 10 jiM GCV either at the 
10 time the cells were plated (Treatment 1) or when the 
cells reached confluence (Treatment 2; 3 trials) and 
then left for 14 days. After 14 days in GCV, the plates 
were stained and the number of colonies were counted. 
The cell mixtures consisted of the following: mixture 1 , 
15 100% Kbalb-LNL cells; mixture 2 , 10% Kbalb-STK and 90% 
Kbalb-LNL cells; mixture 3 , 50% Kbalb-STK and 50% 
Kbalb-LNL cells; mixture 4 , 90% Kbalb-STK and 10% 
Kbalb-LNL cells, mixture 5 r 100% Kbalb-STK cells. The 
results obtained are shown in Table 6 and give the 
20 number of colonies per 10 cm plate. 



TABLE 6 



25 



Cell mixture 



Treatment 1: 
GCV added at 
time of plating 



Treatment 2: 
GCV added at 
cell confluence 



30 TNTC 



35 



40 



1 TNTC* TNTC TNTC 

2 TNTC 120 0 0 

3 TNTC 4 0 0 

4 95 0 0 0 

5 8 0 0 0 



* TNTC, too numerous to count (> 150 colonies /plate ) • 

The results showed that confluent cells were more effi- 
ciently killed than cells at a low plating density. The 
results obtained with mixture 2 shows that a relatively 
efficient mechanism for killing of parental cells exists 
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when even a few daughter cells are in close proximity. 
Conditions in vivo would, on an approximation, mimic the 
Treatm nt 2 situation where cells ar in close 
apposition with one another. Killing of Kbalb-LNL cells 
5 by GCV treatment of Kbalb-STK cells in tissue culture 
showed that a mechanism in addition to an immune 
response could be a component of the observed in vivo 
results showing killing of parental cells. 

A similar experiment was conducted using 
10 Kbalb-LNL cells mixed with either HCT or HCT-STK as a 
source of lethally irradiated (3000 rads) tumor carrier 
cells . A total of 2 x 10 fi cells consisting of Kbalb-LNL 
and HCT or Kbalb-LNL and HCT-STK cells were plated on 
10 cm plates. HCT cells were obtained from ATCC (CCL 
15 225 ) . GCV was added at the same time to the plates . 
The HCT and HCT-STK cells were irradiated prior to 
plating. Mixtures of 0, 10, 50, 90 and 99% HCT with 
Kbalb-LNL gave plates with > 150 colonies per plate. A 
similar series of mixtures of Kbalb-LNL and HCT-STK were 
20 plated in GCV. The 100% Kbalb-LNL population had > 200 
colonies per plate. The population consisting of 10% 
HCT-STK cells had 25 cells per plate and the 50% 
population had 4 colonies per plate. There were no col- 
onies from populations consisting of 90% or 99% HCT-STK 
25 cells. Carrier cells that were lethally irradiated and 
expressing the TK gene thus mediated in vitro killing of 
GCV sensitive tumor cells. 

Example 14 

30 Xn 3Z±eq response to GCV therapy using lethally 

irradiated tumor cells. Tumor inhibition assay in vivn. 

Two groups of 10 Balb/c mice were injected i.p. 
Group 1 was injected with 2 x 10 s Kbalb-LNL cells on day 
0 and then with 5 x 10 6 Kbalb-STK cells (lethally gamma 

35 irradiated with 3000 rads immediately prior to 

injection) i.p- on day 1 and again on day 2 and then 
given a course of GCV therapy (150 mg/kg i.p. b.i.d. for 
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2.5 days) starting on day three- Group 2 was injected 
with 2 x 10 5 Kbalb-LNL cells on day 0 and then with 5 x 
10 s Kbalb-LNL cells (lethally gamma irradiated with 3000 
rads immediately prior to injection) i.p. on day 1 and 
5 again on day 2 and then given a course of GCV therapy 
(150 mg/kg i.p- b.i.d. for 2.5 days) starting on day 
three. The Group 2 controls that did not receive any 
Kbalb-STK cells had a survival rate of 20% at 20 days, 
10% at 21 days and 0% at 24 days. The Group 1 animals 
10 had a survival rate of 100% at 25 days, 30% at 40 days, 
10% at 43 days and 0% at 68 days. Treatment of lethally 
irradiated daughter cells with GCV in vivo led to the 
prolonged survival of animals carrying parental cells. 
A tissue culture study was carried out to 
15 determine the toxicity of GCV toward lethally irradiated 
Kbalb-STK and Kbalb-LNL cells (3000 rads of gamma radia- 
tion) . Cells were radiated, plated at subconf luence and 
then exposed to 10pK GCV at different times after 
plating. In no case were any colonies observed to grow 
20 after radiation, showing that the 3000 rad dose was in 
fact lethal. Kbalb-LNL cells exposed to GCV at 0, 2, 4 
and S days after plating remained attached to the plates 
in small numbers at 28 days after plating. The cells 
were alive but unable to divide. Kbalb-STK cells 
25 exposed to GCV at 0 days after plating (i.e. GCV added 
at the same time the cells were plated) were all killed 
by 7 days after plating. No cells were found that 
remained attached to the plate. Kbalb-STK cells exposed 
to GCV at 2, 4 and 6 days after plating remained 
30 attached to the plates at 14 days after plating, but 
none were observed attached to the plates at 28 days. 
This result showed that lethally radiated Kbalb-STK 
cells were sensitive to GCV killing, particularly when 
exposed to GCV immediately after irradiation. This 
35 result may be due to GCV toxicity associated with DNA 
synthesis and repair after irradiation of Kbalb-STK 
cells . 
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Example 15 

Xa zllXtd. response to GCV treatment using tumor cells 
that express the HSV TK gene. Mechanism of cell death 
5 in slLLtq. 

Kbalb and Kbalb-STK tumor cells were plated 
separately and exposed to GCV. The cells were examined 
morphologically at different times over a period of 
several days . Examination by light microscopy revealed 

10 that cell death of the Kbalb-STK cells occurred by a 
process of apoptosis. The Kbalb-STK cells were 
characterized by pronounced cell shrinkage, vesicle 
formation and nuclear chromatin condensation, all of 
which are indicative of apoptosis (Cotter et al., 

15 Anticancer Res, f 10, 1153, (1990)). Kbalb cells did not 
demonstrate any detectable morphological changes and 
were not killed by GCV, Further analysis demonstrated 
that dead and dying Kbalb-STK cells detached from the 
tissue culture plates and when tissue culture medium 

20 containing these cells in GCV were transferred to plates 
containing healthy Kbalb cells, most of the Kbalb cells 
died. Killing of Kbalb cells in the presence of cells 
dying by apoptosis that was induced by GCV shows that a 
toxic metabolite, possibly phosphorylated GCV, was 

25 responsible for toxicity toward Kbalb cells. Kbalb 

cells obtained the toxic GCV metabolite directly and/or 
indirectly from the Kbalb-STK cells, presumably by 
engulfing apoptotic bodies derived from the dead cells. 
This mechanism of cell killing occurs without the 

30 participation of any immune response because Kbalb cells 
do not mediate any known immune responses. Because 
tumor cell killing can occur in vivo without any GCV 
therapy (Example 8), multiple mechanisms of tumor cell 
killing occur in this system. 



35 
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Example 16 

Projected Phase I study involving administration of 
HSV-TK modified ovarian tumor cells I. P. with subsequent 
ganciclovir therapy. 
5 The maximum tolerated dose (MTD) (up to 1 x 10 10 

cells per dose) of the genetically-modified tumor cells 
of Example 11 will be determined. Four patients will 
initially receive 3 x ID 7 HSV-TK positive, irradiated 
tumor cells I. P. on day 0. Approximately twenty- four 
10 hours after the I. P. infusion the patient will be 

started on a seven-day course of ganciclovir. Two weeks 
after the termination of ganciclovir therapy the patient 
will be reevaluated in terms of side effects from 
treatment and disease state. If no adverse toxicity 
15 occurred from the previous I. P. tumor injection and 

ganciclovir therapy and there appears to be no evidence 
of progressing tumor which would require chemotherapy, 
then the patient will be eligible for the next dose. 
This schedule will continue for doses of 1 x 1Q 8 , 3 x 10 s 
20 for Group 1. If no adverse side effects warranting the 
stoppage of therapy are reported in Group 1 then Group 2 
patients will at one dose level higher, and this pattern 
will continue through the four groups. If a patient has 
to drop out of the study for reasons other than 
25 toxicity, then another patient may be added to the group 
and will begin therapy at the lowest dose for that 
group. 

The patients will be admitted to the hospital 
for the first eight days of each cycle. The vaccine is 

30 given on day 1 and ganciclovir on days 2-8. The 
treatment is repeated at three-week intervals for a 
total of three cycles of treatment. At the completion 
of treatment, patients will be followed regularly until 
and if there is progression of disease. 

35 Vaccine and administration . Patients will be 

assigned in order of entrance an study to one of the 
four treatment schedules below. The dose escalates with 
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each treatment unless any toxicity of Grade II or higher 
level has occurred. For Grade II toxicity (except for 
neutropenia or thrombocytopenia) the dose is repeated 
but physician discretion could lower the dose if overall 
5 toxicity is of concern. For Grade III or IV toxicity, 
the dose is lowered one level. 

Patients First Dose Second Pose Third 

Dose 

1-4 3 x 10 7 1 x 10 8 3 x 10 s 

10 5-8 1 x 10 a 3 x 10 s 1 x 10 9 

9-12 3 x 10* 1 x 10 9 3 x 10 9 

13-16 1 x 10 s 3 x 10 9 1 x 10 10 



The vaccine is prepared in 1000 cc of normal 

15 saline and administered through a small intraperitoneal 
catheter which is inserted on the day of treatment and 
removed after the 1-hour infusion. Catheter placement 
and diffusion of fluid will be checked by a technician 
flow study prior to the vaccine. 

20 Ganciclovir is a nucleoside analog. It is an 

FDA-approved drug for the treatment of cytomegalovirus 
infection. It is excreted by the kidney and a 
creatinine clearance is a required pretreatment test. 
It is supplied as a sterile powder and is reconstituted 

25 with sterile water. For IV administration, it is 

prepared in 100 cc of normal saline, or 5% dextrose and 
water, and infused over one hour. 

The standard dose of ganciclovir is 5 mg/kg 
b.i.d. when patients have a creatinine clearance > 80. 

30 If the CrCL is 50-79, the dose is 2.5 mg/kg b.i.d. 

Daily CBC and platelet counts will be obtained during 
treatment. The drug should be stopped if the absolute 
granulocyte count falls below 750 or the platelets are 
less than 50,000. 



35 
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Example 17 

In vivo killing of rat brain tumors by a combination 
of cell lines expressing a cytokine and the HSV-TK gene. 

A cell mixing study was used to demonstrate in 
5 vivo killing of rat glioma cells in rat brains. A rat 
glioma cell line termed C6 was used for the experiments. 
The C6 rat tumor cell line was obtained from the ATCC, 
catalogue #CCL107. 5 X 10* of the C6 cells were 
inoculated intracranially (frontal lobe), as follows: 
10 Group 1 - C6 cells alone; Group 2 - a 5% mixture (4.75 X 
10 4 C6 + 2.5 X 10* CG-STK) of irradiated C6 glioma cells 
expressing the HSV-TK gene (C6-STK); Group 3 - with a 
50% mixture of irradiated kbalb-IL-1 (5 X 10 4 ) cells 
which produce the IL-1 cytokine; Group 4 - with both 4.0 
15 X 10 3 C6-STK and 5 X 10* kbalb-IL-1. The IL-1 cDNA gene 
was obtained from the Beckman Company and subcloned into 
the pPBNC retroviral vector at the Bam HI restriction 
site. The pBNC vector contains an LTR promoted neomycin 
resistance gene and CMV promoter which was used to 
20 promote the IL-1 gene. The IL-1 vector was termed PIL 
and transfected into the PA317 packaging cell line. 
Viral stock was then used to transduce cell lines. All 
these above procedures were performed using standard 
methods. Each group contained 3 animals. Each group 
25 received ganciclovir therapy for 6 days (60 mg/kg twice 
a day) beginning immediately after tumor inoculation. 



30 



C6 glioma kbalb-IL-1 C6-STK Tumor 
Group (5X10*) (5X10 4 *) (2.5X10 3 **) GCV Formation 



1 + + + 

2 + + + + 

3 + + + +/- 
35 4 + + + + - 

* irradiated with 10 , 000 rads 

** irradiated with 3,000 rads 

*40 
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Rats were sacrificed approximately three weeks 
post tumor inoculation and the brains were removed. 
Each brain was evaluated for C6 tumor growth. Groups 1, 
2, and 3 demonstrated tumor formation at the site of 
5 tumor inoculation. The results of Group 2 indicate that 
a 5% mixture of HSV-TK positive and negative cells does 
not contain enough HSV-TK positive cells to eradicate 
the tumor. Group 4 animals showed tumor eradication 
which demonstrates the powerful effect of administering 

10 a combination of tumor cells expressing the HSV-TK and 
cytokine gene. Administration of IL-1 secreting cells 
alone had an effect on the tumor mass, which indicates 
that cytokine-secreting cells can demonstrate the 
"bystander effect" as seen with the HSV-TK gene. 

15 All of the patents and publications cited 

herein are incorporated by reference herein. It is to 
be understood that the preceding examples may be varied 
within the scope and spirit of the present invention 
with regard to the disease states that may be 

20 ameliorated and with regard to the methods of gene 
transfer and gene vectors used. Because many 
embodiments of the present invention are possible within 
the scope thereof, it is to be construed that the 
present invention is not limited to the specific 

25 embodiments thereof except as defined in the appended 
claims . 
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WHAT IS CLAIMED IS ; 

1. A method for eliminating cancer cells from a 
population of cells containing cancer cells and 
noncancerous cells, comprising: 

(a) providing an in vitro mixture of noncancerous 
cells and cancer cells; 

(b) contacting the mixture of cells with a 
population of transgenic cancer cells 
comprising a foreign gene that renders the 
transgenic cancer cells substantially more 
susceptible to a therapeutic agent than the 
cancer cells or the noncancerous cells; and 

(c) contacting the population of transgenic cancer 
cells with an amount of said therapeutic agent 
effective to kill an amount of said transgenic 
cancer cells that is effective to result in the 
killing of a substantial amount of said cancer 
cells, while not substantially damaging said 
noncancerous cells. 

2. The method of claim 1, wherein the mixture of cancer 
cells are also contacted with a population of 
transgenic cancer cells comprising a foreign 
cytokine gene. 

3. The method of claim 1, wherein the mixture of cells 
is provided in tissue culture. 

4. The method of claim 1, wherein the mixture of cells 
comprises cultured bone marrow cells. 
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5. The method of claim 1, wherein the mixture of cells 
is derived from an in vitro cultured tumor cell 
line. 

6. The method of claim 1, wherein the mixture of cells 
are human cells selected from the group consisting 
of hematopoietic cells, central nervous system 
cells, lung cells, breast cells, ovary cells and 
liver cells. 

7. The method of claim 1, wherein the cancer cells are 
associated with human melanoma, human ovarian 
cancer, human neuroblastoma, human squamous cell 
carcinoma, human fibrosarcoma and human leukemia. 

8. The method of claim 1, wherein the foreign gene is 
the thymidine kinase gene from a human herpesvirus. 

9. The method of claim 8, wherein the herpesvirus is 
herpes simplex type 1 (HSV TK) . 

10. The method of claim 1, wherein, prior to step (b) , a 
population of cancer cells is transformed in vitro 
with a vector comprising the foreign gene to yield 
the population of transgenic cancer cells . 

11. The method of claim 10, wherein the population of 
cancer cells are explanted from a human, and the 
foreign gene is inserted into at least some of said 
explanted cancer cells, to yield the population of 
transgenic cancer cells. 

The method of claim 10, wherein the foreign gene is 
carried by a retroviral vector. 

The method of claim 10, wherein the foreign gene is 
carried by the STK vector. 



12. 
13. 



WO 93/02556 



PCT/US92/06188 



44 

14. The method of claim 12, wherein the retroviral 
vector further includes a foreign cytokine gene. 

15. The method of claim 10 , wherein the population of 
cancer cells is transformed by trans feet ion, 
electroporation or by liposome delivery of the gene. 

16. The method of claim 1, wherein the therapeutic agent 
is an antiviral nucleoside analog. 

17. The method of claim 16, wherein the nucleoside 
analog is ganciclovir. 

18. The method of claim 16, wherein the therapeutic 
agent is acyclovir. 

19. The method of claim 1, wherein the transgenic cancer 
cells are lethally irradiated prior to step (c) . 

20. A population of transgenic cancer cells for in vivo 
use for eliminating cancer cells from a population 
of cells comprising cancer cells and noncancerous 
cells; said transgenic cancer cells comprising a 
foreign gene that renders the transgenic cancer 
cells substantially more susceptible to a thera- 
peutic agent than the cancer cells or the noncan- 
cerous cells. 

21. The transgenic cancer cells of claim 20, wherein at 
least some of the transgenic cancer cells comprise a 
foreign cytokine gene. 

22. The transgenic cancer cells of claim 20 for use in 
effecting tumor regression in a human afflicted with 
cancer. 
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23. The transgenic cancer cells of claim 20, comprising 
cells d rived from an in vitro cultured tumor cell 
line. 

24. The transgenic cancer cells of claim 20, comprising 
cancer cells that are explanted from a human. 

25. The transgenic cancer cells of claim 24, wherein the 
cells are human cells selected from the group 
consisting of hematopoietic cells, central nervous 
system cells, lung cells, breast cells, ovary cells 
and liver cells. 

26. The transgenic cancer cells of claim 24, wherein the 
cancer cells are associated with human melanoma, 
human ovarian cancer, human neuroblastoma, human 
sguamous cell carcinoma, human fibrosarcoma and 
human leukemia. 

27. The transgenic cancer cells of claim 20, wherein the 
foreign gene is the thymidine kinase gene from a 
human herpesvirus. 

28. The transgenic cancer cells of claim 27, wherein the 
herpesvirus is herpes simplex type 1 (HSV TK) . 

29. The transgenic cancer cells of claim 20, wherein the 
transgenic cancer cells are lethally irradiated. 

30. A therapeutic agent for use as a medicament for 
eliminating cancer cells from a population of cells 
comprising cancer cells and noncancerous cells, at 
least some of the cancer cells being transgenic 
cancer cells comprising a foreign gene that renders 
said transgenic cancer cells substantially more 
susceptible to the therapeutic agent than the cancer 
cells or the noncancerous cells; the therapeutic 
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agent being effective to kill an amount of the 
transgenic cancer cells effective to kill a 
substantial amount of the cancer cells while not 
substantially damaging the noncancerous cells. 

31. The therapeutic agent of claim 30, which comprises 
an antiviral nucleoside analog. 

32. The therapeutic agent of claim 31, which comprises 
ganciclovir. 

33. The therapeutic agent of claim 31, which comprises 
acyclovir * 

34. The therapeutic agent of claim 31, wherein at least 
some of the transgenic cells comprise a foreign 
cytokine gene. 

35. The use of transgenic cancer cells for the 
manufacture of a medicament for therapeutic 
application for eliminating cancer cells from a 
population of cells comprising cancer cells and 
noncancerous cells; the transgenic cancer cells 
comprising a foreign gene that renders the 
transgenic cancer cells substantially more 
susceptible to a therapeutic agent than the cancer 
cells or the noncancerous cells. 

36. The use of transgenic cancer cells of claim 35, 
wherein at least some of the transgenic cells 
comprise a foreign cytokine gene. 
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